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A Introduction
The following discussion presents general observations and comments regarding the description ol the
situation and the proposed solution lor the groundwater contamination problem existing at the Tyson's dump
site as presented In the Focused Feasibility Study. The discussion Is principally directed towards an
evaluation ol the following documents:

a) Focused Feasibility Study, Tysons Dump Site, July 1986,

b) Risk Assessment ol the Tysons Dump Site, Montgomery County, Pennsylvania, prepared by
ICF-Clement and ICF-SRW Associates, ("RA"),

c) Tyson's Dump Site, Montgomery County, Pennsylvania, Final Remedial Investigation Report,
prepared lor NUS Corp,, Baker/TSA, July 1985, ("Rl"), and

d) Supplemental Site Assessment, submitted to the U.S. Corps ol Engineers, Woodward and
Clyde, August 1985,

After reviewing these documents It may bo concluded that: (I) a groundwater contamination problem exists at
the Tyson's site, and (II) the EPA, other governmental agencies, and their consultants are well-Intended In
trying to remedy the problem. However, It Is my professional opinion that these organizations have
overlooked, or have chosen to Ignore, certain relevant fundamental Issues that may have significant Impact
on the proposed remedial action. Until these Issues are resolved, II Is unwise to proceed with the proposed
remedial action strategy, There are certain fundamental Issues that must be resolved In order to present a
correct picture ol the existing groundwater contamination problem. The resolution of these Issues would then
serve as a basis from which to begin to formulate a rational strategy to resolve the problem.

At present there Is incomplete and imprecise knowledge of the nature ol the existing groundwater
contamination problem. This state ol understanding cannot serve as a framework from which one may
formulate a viable remedial action strategy. Resources will be wasted If the proposed remedial action
strategy for site cleanup Is Implemented because there Is a strong likelihood that the proposed action will
have minimal effect on protecting public health and aquatic life.

It Is emphasized that these comments and the following discussion are not necessarily restricted to the more
narrow Issue ol resolving the problem ol the "apron area" as presented In the Focused Feasibility Study;
rather the comments are broadly applicable to the general lagoon area and the site as a whole, It Is further
emphasized that the following comments are not Intended to belittle the problem, nor are the comments



Intended to be disparaging towards any ol the various participants Involved In the assessment ol these
Issues.

Synopsis
The following Items are discussed in turn below:

I) Environmental Protection: II Is the duty ol the various parties to protect the environment from an
Informed, knowledgeable viewpoint, and then proceed to develop and Implement an efficient
remedial action strategy.

II) The Sandstone Quarry: The chemical wastes were disposed on fractured rock, The migration
of chemicals In fractured rock needs to be addressed,

III) Site Characterization: Most of the Investigation at the site was directed towards Identifying
chemical wastes and areal extent of the former lagoons, This sampling strategy does not
provide an adequate basis from which to assess Important hydrogeologlc components related to
chemical transport In the groundwater.

Iv) Complicated Hydrogeologic Setting: The site consists of a complicated hydrogeologlcal setting
Including: fractured bedrock close to the surface, a "surllclal" aquifer, and a steep bank, or cut,
with possible outcropplngs. The interaction ol these hydrogeologlc features on groundwater
transport needs to be addressed.

v) Organic Liquids and Chemicals Disposed at the Site: The form ol the organic chemicals
disposed at the site may have a significant effect on transport. If the organic chemicals were
disposed as bulk solvents, then these chemicals may be migrating In fractured media as a
dense, heavler-than-water, separate phase,

vl) Transport Model Verification: The proposed transport model Is unverified, Additional sampling
and mass balance calculations need to be performed. The model should explain the fate ol
chemical Inorganic wastes and septic wastes, as well as the fate of heavy, immlsslble solvents.

vll) Environmental Exposure: Remedial action strategies should be directed towards protection of
river water quality and groundwater quality, If any Is pumped for use, Action levels should not
be based on conditions within the on-slte aquifer.
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Environmental Prot«ctlon
It Is the duty ol environmental engineers, and allied professionals who deal with water resources, to protect
human hearth, to safeguard the well-being ol aquatic habitats, and to preserve the beneficial uses ol water,
The Implementation ol these goals requires the expenditure ol public and private funds, and therefore It IB
also the responsibility of environmental engineers to be attentive to the efficient use of these funds In order
that the greatest benefit may be achieved,

The Tyson's site served as a dump for chemical wastes. This situation Is regrettable, and It Is a cause for
concern, Nevertheless, we must deal with this problem In a logical, rational manner. Our resolution of the
problem must recognize the salient features of this situation, We cannot ignore basic principles of
environmental engineering science as they apply to the tacts In this situation. Wlshlul thinking will not solve
the problem; action without sufficient understanding will not solve the problem. If action precedes
understanding the public will be misled, funds will be wasted, and the beneficial uses ol water will not be
given proper protection,

The Sandstone Quarry
'Tyson's Dump Site Is an abandoned spectlc and chemical waste disposal site situated within an old
sandstone quarry." This Is the llrst sentence In the Focused Feasibility Study. We should appreciate that this
situation Is not necessarily unique, as there are numerous Instances of chemical and other wastes having
been disposed In old quarries (Geraghty and Miller, "Ground Water Contamination In the Northeast States",
US EPA, NTIS PB-235702,1974), These situations arose because old quarries often presented a convenient
hole In which wastes and other materials could be deposited.

A key word Is the above quoted sentence Is "quarry," This word should trigger certain questions which should
focus and direct our attention .In order to begin to understand the groundwater contamination problem. It is
unfortunate, but none of the documents which I reviewed gave thoughtful consideration to the Implications for
groundwater contamination as a result ol disposal of chemical wastes in an old quarry.

Tyson's site Is an abandoned sandstone quarry, not a sand and gravel quarry. The documents prepared by
the EPA and Its consultants do not address this fact. The documents present a simplistic picture In which
contaminants are migrating away from the site In a "surflclal aquifer". It Is my opinion that this scenario has
not been adequately demonstrated, and that this scenario Ignores the principal geologic feature ol the site In
which the wastes wore disposed.
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_ The quarrying of the sandstone requires that loose and unconsolldated overburden would be removed. The
quarry was In business to recover stone, I.e. "rock"; and therefore necessarily Involved drilling and blasting.
Hence, this situation suggests from the outset that the chemical wastes were disposed on bedrock,
Therefore, a major Issue to be addressed Is the extent to which the chemical wastes are being transported In
the bedrock. Shallow, sandstone bedrock does not exist as an Impervious, monolithic lormallon, The
sandstone will contain numerous cracks and fissures which can serve as primary conduits for transport of
water. Indeed, this enables the bedrock In the vicinity ol the site to serve as a "relative good water bearing
lormallon" (Rl Report, pg, 12),

It Is reported that the depth to the bedrock is shallow (Rl, report pg. 10), Importantly, "shallow bedrock In the
vicinity of the site was observed to be highly fractured" (RA Report, pg, 1-3). In addition, the quarrying
operations themselves at the Tysons site must certainly have contributed to the extent to which the chemical
wastes were Initially disposed on fractured rock,

The various documents which I reviewed are silent on the possibility ol contaminant transport within the
fractured bedrock; yet, the possibility lor chemical transport within the fractured bedrock must be addressed In
order to arrive at adequate understanding. The obvious Implications are that chemical contaminants may be

', present In significant quantities In the underlying bedrock, and that the chemicals are migrating In this
formation under gradients and physlochemlcal processes which are largely Independent of conditions In the
overburden. It Is wishful thinking to choose to Ignore the situation In the underlying bedrock. The excavation
and removal of contaminated surflclal soils, as currently proposed, may serve little useful purpose compared
to the more Important problem ol contaminant migration in the fractured sandstone media,

Site Characterization
A major difficulty with the data and discussion presented In the above cited documents Is the lack ol sufficient
attention given to characterization ol the hydrogeologlc conditions at the site, This Is particularly evident in
the Remedial Investigation Report, which serves as the foundation for the site characterization and all
subsequent discussion. Conclusions In these documents regarding the hydrogeologlc conditions at the site,
and suppositions regarding groundwater flow, are made from limited, or no, Information,

These suppositions are then carried forward as scientific conclusions In subsequent documents, In each
case In the subsequent documents, the limited site characterization work Is not challenged; rather, the work Is
presented as being reasonably complete with adequate Interpretation,
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The principal site characterization activities described In the Remedial Investigation Report and the
Supplemental Site Assessment Report was directed towards Identification of the types ol chemical wastes
which were disposed In the lagoons, and Identification of the general planar dimensions of the former
lagoons. Very little of this work focused on Identifying the three-dimensional extent of contamination at the
site, The work performed to date has demonstrated that residues from the former chemical waste disposal
practices are present at the site, and that there Is evidence of these chemicals being transported beyond the
site boundary. While this Information Is useful, It by no means comprises an adequate site characterization
from which to understand the movement ol groundwater and the transport of solutes through the site and
beyond the property limits,

The site sampling and characterization strategies employed in the Remedial Investigation Report and
Supplemental Site Assessment Report are restricted principally to organic compound analyses ol soli and
water samples obtained from the surface and shallow borings. This Is evident In these reports from the sheer
volume of documentation devoted to organic compound Identification ol these samples.

By contrast, there Is only minimal1 data presented which relates to a description ol the hydrogeologlc
conditions at the site, and this limited Information Is largely Inferred from sampling strategies which were

' designed to determine the areal extent of the former lagoons, not the mode ol groundwater transport through
the site, There Is total lack ol evaluation ol the hydrogeologlc conditions In the bedrock regime.

As mentioned previously, the chemical wastes were disposed In a highly fractured bedrock. Yet the Remedial
Investigation Report and the Focused Feasibility Study Report make no mention of concern lor groundwater
movement and contaminant migration In highly fractured bedrock. The Remedial Investigation Report
supposes a continuous shallow, surflclal aqulfler as the principal geologic feature responsible lor organic
solute transport Irom the site. This was deduced without Investigation ol the conditions existing In the
fractured bedrock.

The generalized geologic section presented In the Remedial Investigation Report, Figure 11-2, serves as the
basis from which the remedial action strategies are assessed, However, the simplistic situation described by
the supposed generalized geologic section for the surflclal aquifer is not adequately justified, Careful reading
of the Remedial Investigation Report shows that this Figure was generated from limited data and very limited
Interpretation. The Figure Is Inferred principally Irom a sampling strategy designed to determine the extent ol
near surface chemical contamination and the location of the former lagoons, not the mode of groundwater
transport through the site. There Is not sufficient data from which to conclude that the surtical aquifer Is
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jv± directly and continuously hydraullcally connected from the site to the river without Interruption, Other details,
such as layers and lenses ol relatively more or less permeable material, which may be important are
unknown,

In summary, the supposed generalized geologic section Is constructed Irom Inadequate site characterization
data. Only several pages, mainly pages 9 and 10 In the Remedial Investigation Report, are devoted to the
development and discussion ol this most Important Figure, a Figure which sets the stage for all subsequent
evaluation and decisions, The lack ol engineering and scientific rigor with which the generalized geologic
section has been presented and scrutinized points to a basic problem regarding the level of understanding
exhibited by the EPA and Its contractors.

Complicated Setting
The generalized geologic section, and related discussion In the above-cited documents on the nature and
extent of soil contamination at the Tyson's dump site, Ignores the complicated setting at the site. These
documents do not give adequate attention to the special hydrogeologlc features ol the site. The site contains
a steep hillside, dug pits, a shallow surilcal aquifer, fractured bedrock close to the surface, a substantial
hillside slope and cut to accommodate railroad tracks, drainage devices along the side and underneath the
railroad tracks, a swampy area, and a river. These components represent an assemblage of Interacting
hydrogeologlc elements that Impact groundwater How through the site, and which thereby affect contaminant
transport, An adequate appreciation for the interplay ol these elements on the transport of chemical
contaminants at the site has not been demonstrated.

The need for considering flow through fractured bedrock media has already been discussed. The significance
ol the hillside cut and railroad embankment along the northern boundary ol the site, and the significance ol
drainage and seeps along this feature have not been considered. The Remedial Investigation Report refers
to several accounts of leachate or seeps being evident along the hillside: leachate from the site entered a
ditch running eastward along the tracks (pg. 7, Rl); In the northeastern corner of the site.,.a small seep In this
area (pg. 7, Rl); Immediate actions taken by the EPA were to lessen the amount ol seepage from the site In
order to prevent contaminants from entering the eastern tributary on the south side of the railroad tracks (pg.
8, Rl), These field observations clearly show that the hillside between the Tysons site and the railroad tracks
has some special hydrogeologlc characteristics not considered by the EPA. The presence ol seeps suggests
that at times the site may exist in a saturated condition, rather than an unsalurated condition, The occurence
of seeps also suggests that there may bo an impervious material bounding the site, down gradient, towards
the railroad tracks, The presence of seeps also Indicates that loose, unconsolldated, surflclal aquifer material
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_ may not be prevalent along the hillside, The occurrence of seeps and the close association ol fractured
bedrock at the site suggests again that the supposed generalized geologic section Is In error,

The railroad tracks and the drainage ditch along the southern side of the railroad tracks present significant
features that can divert the flow of groundwater In the surflclal aquifer, Gravel and other coarse-grained
material which are used to construct foundations for railroad tracks may rest on or near the shallow bedrock,
This material and the drainage ditch could then act as conduits that would Intercept the movement ol
chemical contaminants In the surticlal aquifer,

Organic Liquids and Chemicals Disposed at the Site
The Remedial Investigation Report and the Supplemental Site Assessment Report show that chemical wastes
have been disposed at the site, However, concern for the form and the nature ol these wastes In relation to
contaminant transport have not been addressed. The chemical wastes disposed at the site are known to
consist ol organic substances, and II Is also likely that there were various aqueous solutions containing salts
and spent brines and liquors.

II the organic chemicals were disposed as mixed solvents, or concentrated solvent-water Immiscible mixtures,
then the organic solvents may have moved as a separate phase. Many o.l the organic contaminants found at
the site are relatively low molecular weight, chlorinated organic solvents, which are denser than water. If
these heavier-than-water organic solvents were disposed at the site as bulk liquids this would result In pools
or pockets ol chemical solvents that would migrate to the fractured bedrock. Hence the principal groundwater
contamination problem could very well Involve migration ol organic solvents as an Immiscible, heavler-lhan-
water phase.

Separate organic liquid phases may account lor most ol the organic liquids present at the site, The
movement ol this type ol material would be governed by various phenomena, such as pore welting and filling,
capillary forces, and phase density differences, These phenomena are not particularly relevant for the
migration of soluble solutes In saturated groundwater, The fringes of a region of heavy, Immiscible organic
solvent phase may exhibit differential movement, or lingering, as observed In the case of movement of heavy
oils In water-saturated porous media,

Organic solutes will bo released to the groundwaler at the Interface between the organic solvent phase and
the aqueous phase as a result of aqueous stabilization. Since the chlorinated organic solvents exhibit only
limited solubility in water, It would be expected that the groundwaler would show low levels of organic solvent



(^ components In the aqueous phase, compared to exceptionally high levels that would be evident In the
Immiscible phase. The possibility for this situation to exist was not addressed In the Focused Feasibility
Study or In the other documents, The understanding ol this problem requires that additional sampling be
conducted In the fractured media.

The practical Implications ol the presence of Immiscible, heavler-than-water solvents at the site Is that
removal of surflcial deposits may have no relevance to the existing contamination problem, The Immiscible
organic solvents may reside In the pores and Iractures In the bedrock, and slowly release contaminants by
dissolution lor years,

It Is very probable that some ol the chemical wastes disposed at the site consisted ol Inorganic salt solutions,
brines, spent liquors, and acidic or caustic solutions, The principal Ions associated with these materials, e.g,
sodium, potassium, chloride, and perhaps nitrate and sullate, should be traceable, In addition, the septic
wastes would have Introduced large quantities ol soluble organic residues which would be Identifiable as
COD or TOC; ammonia and nitrate may be associated also with the septic waste. These materials would
undergo groundwater transport In a manner similar to leachate I'om a sanitary landfill resulting In an

•-- Identifiable groundwaler contamination plume. It Is significant that the various documents present no
"' evidence ol an identifiable groundwater contamination plume comprised ol Inorganic or septic waste

components. This further suggests that the principal mode of groundwater transport and contamination was
not characterized, and that transport In the fractured bedrock may be the dominant transport mechanism.

Transport Model Verification
The transport model presented In the Risk Assessment Report and the Focused Feasibility Study Is Hawed lor
the reasons presented above. There are additional difficulties associated with this model, Some ol these
Issues and concerns are listed below:

I) The model does not consider the physical and chemical behavior ol Immiscible, heavy, organic
solvents on groundwaler quality.

II) The model does not consider transport through fractured bedrock,

III) The model assumes Instantaneous and reversible desorptlon ol contaminants Irom unsalurated
media. Neither ol these assumptions are justified; In fact there Is much current research which
demonstrates that a certain portion ol sorbed hydrophoblc contaminants are slowly or
"Irreversibly" sorbed, and that transport ol contaminants through Immobile pore water further

""'' Impedes the progress towards the equilibrium condition, Page 13 ol the Focused Feasibility
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>», Study recognizes part ol the problem ("the desorptlon rale Is unknown"), but there Is no attempt
to reconcile this difficulty,

Iv) No pore water measurements of contaminants were taken to justify the equilibrium assumption,

v) The model Is not verified or reconciled with field data, The general absence of contamination In
the swampy area north ol the railroad tracks suggests that the model Is In error, The only
installed deep well, ERT-1 In the swampy region, shows contamination In the "deep aquifer" (Rl
Report, Table 111-24); this Is unexplained,

vi) No mass balances are presented to check the method ol compulation for movement of water
through the site, nor are similar mass balances presented lor transport ol organic chemicals,
Ma;s balances are necessary In order to clearly delineate model assumptions, as well as to
provide a check against the possibility of mathematical errors,

vil) The model does not consider volatilization or biological degradation ol contaminants.

vlli) Contaminant transport In fractured materials can be quite dilferent than processes In granular
media. Tho model does not recognize the special physical and chemical phenomena
associated with transport In fractured media. Although the tractures may comprise only a small
fraction of the bulk volume ol the media, the average groundwater velocity In the fracture can be
large. The process of mechanical dispersion Is also different In fractured materials, as fractured
geologic materials are notoriously anlsotroplc with respect to the orientation and frequency of
fractures. Hence, the dispersion ol solutes during transport through fractured rocks cannot be
described by equations developed for granular media (Freeze and Cherry, Groundwaler,
Prentice Hall, 1979), The process ol sorpllon and retardation must also be handled differently,
as it Is more appropriate to express the distribution coefficient on a per-unll-surface area basis
rather than on a basis ol unit mass ol the medium In the dry state. Other processes allectlng
contaminant transport In fractured media with an immiscible organic phase Include: molecular
diffusion from the fracture into the matrix ol the unfractured material; the effect ol wetting and
capillary forces on migration; spreading of a separate phase along a confining layer; dissolution
ol components Irom the organic phase to water; and effects of a fluctuating water table.

Environmental Exposure
The determination ol soil removal action levels Is used to identify general response actions from which
excavation alternatives based on receptor points are evaluated. This methodology was summarized In the
Focused Feasibility Study from Information presented In the Remedial Investigation and Risk Assessment
Reports. Although this methodology Is presented In a lormalistic style, this procedure Is not a substitute lor
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Intellectual rigor. The study concludes that the action level should be based on conditions within the on-slle
aquifer, and that this can only be achieved by excavation, It Is difficult to justify either of these decisions on
the basis ol the facts presented In these documents,

For example, the contaminant transport model proposed by the EPA Is precipitation-event driven, Therefore II
infiltration from precipitation were prevented, I.e. by capping the site with an Impervious material, this would
be an effective solution, In addition, there Is risk associated with excavation, and this was not considered, I.e.
release of volatile material, transport ol large volumes ol material over public areas, etc,

The action proposed by the EPA dismisses the simple lad that the most Important environmental concern Is
to protect the quality ol the river, as well as to ensure against transport to any local wells, It Is Interred In the
Remedial Investigation and Risk Assessment Reports that there Is very little likelihood that the site, or the
area between the site and the river, would ever be developed or that the Immediate groundwater resource
would be utilized, There are no wells In this region, the area is bounded by sleep hillsides to the south, and
railroad tracks and swampy regions to the north. Hence the selection ol the on-slte aquifer as the receptor
point for the calculation of action level serves no rational purpose.

The proposed remedial action Ignores the (act that excavation of waste material only relocates the problem to
another site,

Engineering Intervention through waste treatment, on-slte remediation, interception wells, and the like, Is not
even considered. The contamination problem should be managed through on-slte Intervention to the
maximum possible extent. River water quality should be protected foremost, and In this regard, if most of the
chemical contaminants are In the bedrock regime, this will necessitate treatment rather than excavation,
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